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ABSTRACT 

In their complex nature, early adolescents want to believe in 
their teachers. Teachers demonstrating what they believe earn respect from 
students. In science education, it is vital to link scientific phenomena to 
daily life and social decision making skills to engage students in developing 
science-process skills. The science-technology- society (STS) curriculum 
serves as an excellent framework for this purpose with early adolescents. 

This paper reviews inquiry-based and STS science teaching and discusses 
classroom practices to maximize the effectiveness of the curriculum. 
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Post-modern Early Adolescents and the Science Classroom 

Although early adolescents in post-modern society have been exposed by way of the no 
longer age-differentiated media to all the depravity of the world throughout their 
childhood, their cognitive development at middle school age allows them to have a 
deeper, yet naive, insight into issues of brutality, violence, and sexuality (Elkinds, 1997). 
Simultaneously, in most cases they are quickly moving to a place where they are 
controlled more by their peer’s acceptance and norms than by their parents. Their newly 
expanding cognitive abilities are as difficult to manage as their awkward out-of sync 
bodies. The world seems out of control and certainly out of their control. They are 
desperately attempting to make models and theories for how their world works and how 
they can be competent within it. Yet, they are novices, and when left on their own appear 
to be failing miserably and consistently. Or are our students simply enacting age 
appropriate high jinx through which they will learn some essential life lesson? 
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So if this is the post-modern early adolescent, then what needs to be waiting in their 
middle school that will truly engage them in participating in the world of science? What 
type of participation will allow the student to gain skills, understandings, and habits that 
will empower her/him to prosper? If these are their needs, then what is it about the 
scientific enterprise that could create a milieu in which they could work together with an 
adult and other students to satisfy these psychological necessities? For needs are 
hierarchical (Maslow, 1968), and if the scientific skills, concepts and habits of mind are 
not situated in a fertile environment that satisfies the prerequisite needs, students will 
truly not engage and meet the objectives that science educators have so carefully crafted 
for them. 

Many teachers and school science departments have been trying for the past two decades 
to adapt their teaching practices to align with this emerging knowledge of how humans, 
and in particular early adolescents, learn. Significant advances have been made on a 
procedural level. The surface structure of many classrooms has changed, appearing more 
student-centered with students sitting in groups and engaged in hands-on activity. One 
question we can ask about this apparant structural change is, “Is the classroom truly more 
student-centered or is the procedure a cover that gives the appearance of student-centered 
activity?” The key here is, substance or appearance change. 

However, by not addressing deeper cultural issues the impact of these procedural changes 
has been constrained. The underlying interactions and goals have for the most part 
remained unaltered (Tobin, 1990; Flick, et al., 1997). These gradual procedural changes 
in teaching have not created classroom communities that reflect the scope of necessary 
components for science classroom practice to match the ideas about early adolescents 
delineated in the above paragraph. These ideas have also, not significantly affected 
science achievement. These procedural modifications in instruction attempted by 
individual practitioners have not been sufficient to match our new understandings of how 
and what early adolescents should learn in (and outside of) our science classrooms. 

A small number of teachers, departments, and schools have radically altered the culture 
of their classrooms to reflect these new understandings and found the effectiveness of the 
change startling both in the cognitive and affective performance of their students (White 
and Frederickson, 1997,1998; Maclver, 1990). Both the students’ and the teachers’ roles 
have shifted: the types of expectations, social interactions, level of cognitive application, 
methods of communicating understanding, and acceptance of responsibility for assessing 
learning have all been redistributed to better match our understandings of how our brain 
remembers, understands, reasons, and transfers skills, and under which circumstances 
students will engage their brain to focus on scientific phenomena and process. 

Given the urgency of children’s psychosocial needs during 
the middle grade years and their vulnerability to the 
debilitating effects of rejection and abuse, no one questions 
the importance of their feeling cared about and respected by 
the adults in their lives. Young adolescents scrutinize more 
carefully than ever the dispositions and idiosyncrasies of the 
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grownups they’re responsible to. So, to a great extent, it is 
warranted to assert that no matter what textbooks, materials, 
curriculum guides, and such are employed, the teachers are 
the curriculum Therefore, working out comfortable, secure, 
interpersonal relationships between adolescents and adults is 
a high priority (George, et al. 1989, 17). 

So how are these relationships worked out in a science classroom? Perhaps that is already 
the wrong question by assuming that it can be done solely inside the science classroom. 
As noted in the opening paragraph of this paper, middle school students have life 
development patterns that fit into the traditional physical, social, and cognitive categories. 
As such, there are certain questions that we can ask, and then subsequently consider 
about how the teacher can encourage the likelihood that an early adolescent will want to 
study science, want to come to class, and be less inclined toward behaviors that are not 
conducive to learning. 

The Dichotomy of Early Adolescent Behaviors and Needs 

Middle level students want and need to believe in their teachers. However, teachers must 
earn that respect. A number of studies have shown what early adolescents recognize as 
effective behavior in their teachers (Beane and Lipka, 1986; Stevenson, 1986). Respected 
teachers don’t just verbalize what they believe; they demonstrate their values in their 
interactions with students, fellow teachers, and people in the community. They give their 
students clear messages that they are understood and their issues are taken seriously. 
These teachers are worthy models for their students’ deference and their students 
recognize and respond accordingly by engaging in serious academic study. If students are 
really to be understood, then what qualities of early adolescents need to be taken 
seriously in the design of an effective science-learning environment? 

Early adolescents are consumed with the unfairness of society in general and personally 
with the unfairness of the way adults, especially their parents and teachers, interact with 
them on a daily basis. They crave opportunities to help establish the rules or 
procedures they will live by. Yet they are beginning to realize the complexity of 
decision-making and their own novice status as many of their on-the-spot decisions turn 
out to have less than satisfactory results. We often hear, “That’s not fair” from our middle 
school students. When we hear, that’s not fair, it is time to remember that we are teaching 
early adolescents and that they want and need to help develop the rules. 

Science, by the nature of the enterprise, has an inherent method of fair testing, and a set 
of problem-solving approaches. However, in order to engage students in acquiring these 
science-process-thinking skills and consequent conceptual understanding of scientific 
phenomena, these must be linked, almost daily, to personal and social decision-making 
skills as well. The decision-making models that accompany effective science-technology- 
society (STS) curricula serve as an excellent template. However, the science teacher, 
working in close cooperation with other subject area teachers, must not only apply these 



protocols to STS societal models, but also to the students’ personal and social group 
decision making situations in order to maintain their engagement in the academic tasks. 

Cheek’s (1992) work on STS models in education describes ways of thinking about using 
these STS approaches in the classroom. Hickman, Patrick, and Bybee (1987) go further in 
asking five questions that they feel should be answered as a guide to selecting appropriate 
content. These five questions are: 

1. Is the material directly applicable to the lives of our learners now (not just in 
the future and not just in other classes they may take someday)? 

2. Is the material consistent with the cognitive development and social maturity 
of the students? (We would add the physical development of middle school 
students to this question.) 

3. Is the topic important in the world today and is it likely to remain important 
for a significant proportion of the students’ adult life? 

4. Can students apply the knowledge in contexts other than science? 

5. Is it a topic for which students show an interest and enthusiasm? 

These questions frame the reasoning for classroom suggestions in the remainder of the 
paper. These questions help us go beyond what is fair and fair testing by helping us and 
our students examine what is really meaningful and lasting in terms of content and 
thinking skills. 

Seemingly, early adolescents are almost at odds with this intellectual quest for decision- 
making skills, and testing of those skills by controlling their own lives and that of society, 
for there is an overwhelming identity need at this time to be competent, to be doers and 
producers, and to be known by others for what they do well (Erikson, 1968). Much of 
this demonstration of competence is accomplished by a combination of physical and 
intellectual prowess that results in a real, tangible public presentation by the student. 
Therefore, while a good deal of the practice of the physical, cognitive, and emotional 
skills needed for this exposition can take place in the classroom, other skills need to be 
practiced outside of the school. Likewise, some of the motivation for perseverance can 
come from within the school building, but a virtually untapped plethora of early 
adolescent motivators exists within the community surrounding the school. Even this 
issue of perseverance is seemingly dichotomous with the nature of the early adolescent 
who is often consumed by a variety of intense, but short-lived, interests (Jenkens, 
1998). By wanting to make the content too in-depth we chance losing our students 
interest and hearing the proverbial, “I’m bored, what else is there to do.” Or worse, 
“There’s nothing to do.” 

As if this matrix of needs and behaviors was not already complex, all of these cognitive 
and social dilemmas are taking place within the context of physical body changes that are 
startling, inconsistent, disconcerting, and sometimes uncomfortable and almost painful. 

An Effective Middle School Science Experience 

Despite the complexity of early adolescence, there is a model of science education 
practice that is responsive. At the core of this practice is a variety of inquiry-based and 
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STS science teaching interwoven with exemplary responsive and democratic classroom 
structures, supplemented by community-based science and social advocacy projects. Any 
one of these structures is insufficient to motivate, engage, and sustain early adolescents 
by itself. It is the carefully crafted matrix of these strategies that makes science accessible 
to all early adolescents. 

Effectively utilizing Nationally-Validated Curricula 

As a nation we have, under the leadership of the National Science Foundation, created 
not only a set of developmentally appropriate topics to be studied by early adolescents 
(NRC, 1996), but a set of hands-on, minds-on curricular units that address these concepts, 
skills and habits of mind. SEPUP, FOSS, STC, Event-Based Science, and Investigating 
Earth Systems are some examples of these. Although these nationally validated inquiry- 
based science curricula units should be the backbone of middle school classrooms, these 
materials need to be used in a way that allows students to follow their own interests 
evolving out of these curricula and subsequently demonstrating their own areas of 
competence. 



The use of these materials assumes that these concrete operational students are beginning 
the investigation of any scientific phenomenon by explorations of the phenomenon before 
any introduction of concepts. Students in small science teams negotiate ideas and create 
their own naive understandings. This assumes daily manipulation of physical materials 
and ideas. Without this daily physical and mental manipulation, Piaget’s equilibration 
cannot take place. Healthy intellectual growth during early adolescence is in large 
measure a blending of what is already known or understood with manageable new 
experiences. Helping to facilitate the blending of physical experiences with critical 
thinking in the classroom is a complex but critical challenge for teachers. In order to have 
students make the transition to abstract thinking abilities, this bridge from the physical 
world to the thinking world must happen. So how do you get students who can be so 
sophisticated one minute and so childlike the next to make this transition? 

While engaging students in these exemplary curricular explorations, and subsequent 
concept introduction and clarification it is important to go from concrete experiences, to 
group discussion, to pictorial representations of conceptual relationships in order to see if 
the students can draw what happened. Then we go to discursive and see if they can write 
what they learned. In order to include students in this process, effective teachers earnestly 
engage students, in regular, open conversation. Communication characterized by careful 
listening, thoughtful reflection, and taking turns is key to both language and critical 
thinking development. It is also necessary for adults to candidly convey their own 
questions and puzzlements as a model for students to emulate. 

Some of the classroom practices necessary to maximize the effectiveness of this curricula 
in the classroom include: 

• Giving no answers to questions if the teacher thinks that students could uncover some 
insight on their own. Ask questions until the student is able to answer using examples 
from thier neighborhood. 




6 



• Giving no background information prior to the lesson, but allowing students to start by 
exploring a particular broad physical phenomenon. 

• Having students reveal to others their individual and group preconceptions of a 
phenomenon as they explain, and defend with evidence their thinking. It is understood 
that students already come to the classroom knowing something about the phenomenon 
and that any new, more coherent, and deeper understanding they will create will be a 
reconstruction of these original ideas through their own struggles with the issues. 

• Students are expected to construct their own naive, incipient understanding about and 
among concepts. This awareness will allow the teacher to anticipate some of her students’ 
confusion and recognize why the students have difficulty grasping particular alternative 
ideas. 

• “Mistakes” in both concepts and reasoning are not only expected, but welcomed. These 
are subsequently expected to be remedied by further work by individuals and groups of 
students. The students are expected to eventually learn to determine for themselves if 
they understand. 

• Students and groups are expected to frame some testable questions about the 
relationship between factors that they thought played a role in this phenomenon. 

• Students are expected to negotiate ideas with one another. 

• The classroom models the notions of peer review and verification. What the classroom 
scientific community “knows” is based on their own observations, discussions, and 
analysis, and reference to their own prior investigations, knowledge, and reading. Their 
knowledge is tentative and evolving, with current understandings posted daily on 
newsprint and in student journals. 

This practice allows these early adolescents to make their own decisions within the 
context of a system that works at helping them frame a method of reasoning and decision 
making. As much as possible, these predetermined curricular units need to be infused 
with as much student decision making as possible. One obstacle to the practices named 
above is that students who have not received this kind of education in the past will resist. 
Usually, they will change into active thinkers as soon as they have had a brain chemical 
rush through an “AHA” moment. It is even better when the teacher catches this student in 
the aha moment and confirms that, “Yes, it feels good to learn.” 

Moving to Individual and Small Group “Interest-Motivated” Investigations 

While these formal curricular units should guide the curriculum, these early adolescents 
need to tap into their related areas of interest and be encouraged to conduct investigations 
prompted by these interests. These scientific investigations need to be embedded with 
lots of other disciplines. Not just the big four, but also (and especially) art, music, 
physical education, and industrial arts. These allow portals of entry into science for 
students with other foci. Thus evolve independent studies being carried out by small self- 
selected groups of students who want to pursue common interests. Studies that exemplify 
variety and choice make it more likely that students will experience and pursue 
meaningful academic learning at this critical time in their intellectual development. 
Students become an expert on a given topic. These middle graders who as previously 
stated are often consumed by a variety of intense but short-lived interests, can capitalize 
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on these self-designed units composed of short investigations into a variety of topics. 
Interestingly, all the student-generated topics contain the need to know core science 
content. 

These investigations, although conducted mostly outside of classroom time, need to be a 
part of the weekly classroom schedule. Getting to go to the library or media center, or 
even to the Internet-access computer on the other end of the classroom, allows these early 
adolescents desperately needed physical movement. 

Keep Them Moving! 

It is obvious that students at this age are growing and growing fast — within a wide range 
of when it happens. There is the Guido-like sixth grader, taller and stronger and faster 
than all the other boys, who suddenly has all the girls flocking after him. His joints hurt 
him and he can’t sit still. Puberty has hit and he thinks he’s figured out, “what it’s all 
about,” and is going to go for it. On the other end of the spectrum is the scrawny eighth 
grader who still looks like a fifth grader with that smooth baby face, stick thin arms and a 
nose way too big for his face. He usually gets relegated to “the dorks” club and picked at 
by those larger than he is. However, both are learning to cope with physical aches and 
pains of growing too fast for the meniscus in their joints to keep up, both have raging 
hormones and both need to move. The anterior cingulated in the brain is very active 
when novel movements or new combinations of movements are tried (Jensen, 1998). 
Jensen further explains this phenomenon as; “Our brain creates movements by sending a 
deluge of nerve impulses to either the muscles or the larynx. Because each muscle has to 
get the message a slightly different time, it’s a bit like a well-timed explosion created by 
a special effects team. This brain-body response is called a spatiotemporal pattern. 
Middle school teachers should be ready for this kind of action. The body is calling for 
movement so that the joints can grow and stretch properly. Now, how do we us this to 
our advantage so that such students learn as they move? 

The connection between movement and learning is clearly evident throughout life 
(Jensen, 2000). Other research shows that to deprive a child of movement is creating a 
likelihood of violence. We sit these middle schoolers in their chairs for 45-90 minutes 
when their brain is telling them to move and we wonder why we get problems. We’ve all 
seen the early adolescent boy or girl literally explode up out of her/his seat with a 
vociferous howl at the end of class. Could it be that we caused this behavior “problem”? 
In addition to the movement created by the individual investigations, when we are in 
whole class situations we could: 

• role play the situation instead of sit and dialogue the situation. 

• do energizing activities such as throw a ball when you ask a question and the one 
who catches it gives the answer. 

• rewrite lyrics to a song to retell the learning and lead the class in the singing it. 

• take stretch breaks working major muscle groups while detailing the muscle 
names and effects of aerobic and anaerobic exercise. 

• enact "group building games" such as the human knot, mirrors, etc. 
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Out of the Classroom and Into the Community 

When we really get on a roll with inquiry teaching we reach the relevance and the 
creative parts of science. We’ve all heard the middle school student say, “Hey, Yo, why 
do I have to learn this junk/stuff?” This is the time to tap into what they want to learn and 
why they might want to learn it. Bridge them into their own projects and get them to 
think — really think! Yet we must remember that their desire to be competent, to be doers 
and producers, and to be known by others by what they do well is couched within a social 
context, thus, any type of inquiry and problem solving needs to permeate both social and 
cognitive tasks. The most successful milieu in which to accomplish this is to get the 
students out of the classroom and into the community working with adults in real-world 
situations. This is the social advocacy extension of STS teaching advocated by Yager 
(1996) and others. Students who are confronted with real-word technology-science-social 
dilemmas in their own communities begin to need scientific understandings and skills in 
order to become powerful persons. They, likewise, need communication and other social 
skills and understandings in order to communicate their ideas to the larger public 
audience. They realize the need for their classroom activities, and emotionally and 
cognitively engage at a here-to-for unseen level. 

1) Make the students set goals. What do they want to have an impact on? What do 
they want to learn? Why? Give the students choices and make sure they have 
valid reasons for their choices. 

2) Increase the amount of feedback. Middle school students, like most humans, want 
meaningful hard work. If you don’t respond they will not think the work was 
worth the effort. 

3) It s cool to be able to describe what you know and explain why your solution 
could work. However, they realize what a solid public presentation should look 
like, as they are media mavens. Yet, they don’t presently possess these skills. 
Provide the necessary scaffolding. This form of teaching increases language 
development. 

4) Keep the palette changing and full enough, add materials and resources as needed 
to keep the students interested. 

5) Remember good thinking takes time. Wait time was and still is important to 
higher order thinking. 

Group dependent public presentations create positive alternative peer groups. This may 
be the first time they were ever “needed” at school for their input, and output. They need 
to work with public scientists and advocates. They need to conduct their own data 
collection in the field and in the libraries and public records of the community. They need 
to see themselves in the public arena as competent. Where youngsters learn to exercise 
authority, they also learn real responsibility. If the science teacher works closely with 
social studies, English, and creative arts teachers to not only have students apply their 
STS decision making protocols to public situations, but also to analogous interpersonal 
relationships (Jablon, 1994) in their lives, students will also have their more pressing 
needs met. This will allow them to focus on the academic matters at hand. 



A Classroom Structure that Allows for Coping with Social Dilemmas. 

In the area of social development, the stories of the middle schooler are everywhere. 
From the child who doesn’t know how to dress and thus either looks outlandish in the 
chosen outfit or else looks “just like” everyone else. They are very social and need a lot 
of time to talk about how things “worked out” to figuring out their next moves. These 
social interactions inform their next “date” to “how to get their parents to listen to them.” 
They really are a lot of fun. Their peer group can influence them to do or to not do. They 
are no longer babies, but still want approval. The next minute they want full autonomy. It 
is a good time for the teacher and the child to “lock horns,” or for the teacher to forget 
who is the adult here — this age child can really get under your skin. This age child is all 
smiles one minute and tears of treachery the next. 

This area is dealing with emotions. Many of us in the United States merely acknowledge 
that emotions exist, but we seem to not “like” them much. We think of emotions as 
causing us to be flighty, whimsical, uncontrollable, and erratic (Jensen, 2000). So how do 
we use these seemingly “out of control” emotions of the middle-schooler to open the 
opportunity to learn? The brain research shows that there is a neural pathway for 
emotions just like there is a neural pathway for cognitive learning. Jenson notes that the 
strongest pathways are when there is overlap of these two paths . 

The brain research further supports the notion that emotions are part of our survival and 
thus are “hard wired” into our DNA. Jensen and other researchers state that, “we have 
been biologically shaped to be fearful, worried, surprised, suspicious, joyful, and 
relieved, almost on cue.” Now, let’s add that to the social stress of learning how to be an 
adult in terms of relationships with the opposite sex, taking responsibility for your life 
and other such factors. I’d cry too — and probably did — maybe even still do. 

So how do we keep the child in an emotional state that is not so angry as to be irrational 
or so joyful that they cannot sit — not for even one minute. 

1) Validate the role of emotions in our lives by the teacher role modeling emotions. 
Tell the students of the joy or sadness you feel when hearing about something 
from science. For example, I felt great joy when the Human Genome studies were 
in progress. The results that all humans seem to be about 99.9% alike made me 
happy because I’ve thought this was the case for a long time. Now I have 
evidence. 

2) Celebrate students work, applaud, high five, dance in the aisle for 30 seconds. 
This is especially powerful after a long-term project that came to a successful 
completion. Have the students name two things they learned and then clap - 
raucously. 

3) Happy rituals can help. Just don’t let them get boring. 

4) Have them journal and use introspection in these journals about current events 
and then get them to read their journaling to a second student. This is a time when 
the teacher can do some one-on-one dialogue with the student who is in need. 
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5) Have real open dialogue in the classroom about resolving conflicts in groups. 
Utilize the protocols of decision making while supplying coping mechanisms and 
self-administered mediation techniques. 

6) Make it apparent that their emotional need to have the world predictable and 
within their control can be increasingly satisfied by hard work at their science 
related experiences. Likewise, when things are not solved, a demonstration of 
emotions is acceptable. These demonstrations should not impinge on others and 
should not stop their own growth. 

Endnote 

This is a model of science education that encourages both the teachers and students to: 

• work cooperatively together on interdisciplinary, even multi-age teams, 

• enjoy being together and creating experiences inside and outside of school that 
were meaningful and made them feel secure, confident, and committed to their 
own education. 

Adults are actively participating in youngsters’ lives, students are constructing their own 
knowledge, schools are committed to and deeply involved in community life, and 
teachers are cooperatively creating the kinds of learning experiences that breed 
excellence. 

We teachers need to remember what is normal for “that age.” In this case, we are talking 
about the early adolescent and need to remember that their brains do not work like an 
adult s, and in fact should not. We must give the students the opportunity to experience 
and to make mistakes. We must give them the tools of experience and thinking so that 
they can come to understand how the world works. When we give them such tools we are 
effectively working towards a science literacy expected by our national guidelines. 
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